Abstract-This paper proposes a simple method for reducing it was established in [7] [8] that the error was caused by the the rotor position estimation error caused by cross-coupling effect of cross-coupling magnetic saturation between the d-and magnetic saturation between the d-and q-axes when signal q-axes, (i.e., Ldqh#O), and was influenced by the machine injection based sensorless control is applied to a brushless AC (BLAC) motor. The error in the estimated rotor position, which design, but, as yet, no measures, from the control aspect, have results when conventional signal injection sensorless control is been proposed to reduce the error. Nevertheless, it is well employed, is analyzed. Based on an improved model of a BLAC known that a mutual inductance exists between the d-and qmotor which accounts for the influence of dq-axis cross-coupling axes of a BLAC motor (Ldqh) as a result of cross-coupling due to on the high-frequency components of the incremental winding magnetic saturation, as shown in [9], both experimentally and inductances, as deduced by either finite element analysis or from by finite element analysis. However, for simplicity, the
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scheme is proposed. Its effectiveness is demonstrated by nfluence of cross-coupling magnetic saturaton 1S usually measurements on a BLAC motor having an interior permanent neglected in sensorless rotor position control [1] [2] [3] [4] [5] [6] . magnet rotor. This paper improves the rotor position estimation accuracy in a signal injection based sensorless control scheme by I. INTRODUCTION accounting for the influence of cross-coupling due to magnetic It is necessary to acquire rotor position information for a saturation. Section II presents an improved model of a BLAC permanent magnet (PM) brushless AC (BLAC) motor in order motor which accounts for the influence of the cross-coupling. to control the 3-phase stator currents, and, hence, the torque. Section III analyzes the position estimation error which arises Generally, either an encoder or a resolver is employed. when cross-coupling is neglected, and proposes a simple However, such discrete position sensors not only increase the method of reducing the error, based on either predicted or system complexity and cost, but may also compromise the measured incremental inductance characteristics. reliability. It is desirable, therefore, to estimate the rotor Measurements are presented in section IV which validate the position indirectly from the terminal voltages and currents. [4] [5] by comparing sine and cosine terms in the VC _ic_ dt l 2nd_order harmonic component in the d-axis current. In [6] , it was applied to a non-salient BLAC motor equipped with a where ia, ib, ic, I/a, VIb and qfc are the phase currents and surface-mounted PM rotor, by utilizing the saliency effect flux-linkages, respectively, and Rs is the stator winding phase which was caused by magnetic saturation.
resistance. Since the 3-phase flux-linkages are functions of the However, it was found experimentally in [2] that the error in phase currents and the rotor position, 0Sr, (1l) can be expressed the estimated rotor position increases with the load current, as:
1-4244-0743-5/07/$20.OO ©2007 IEEE 0 aa 0 ava aa V dia -0 V/a dO, 
directly in this way are shown in Fig. 4 . Clearly, the error in the estimated rotor position will only be zero when Ldqh=O. The stronger the cross-coupling between the d-and q-axes, the larger will be the error in the estimated rotor TABLE I the rotor speed command is changed from -1OHz to +1OHz, i.e., SPECIFICATION OF BLAC MOTOR -200rpm to +200rpm. As will be seen in Fig. 8(a) , when the Fig. 7(a) 
